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PrimarvT cell activation requires B7-CD28 and CD40-CD154 costinnulation. J 
Primary T «" ^" \ independent of these costimulatory pathways. Although 

SaT :;%os ^u.^^^^^^^^^ T lymphocyte-associated antigen 4.immunoglohu.in 

fcTti 4-!g or Inoclonal antibody (mAb) to CD154 prolongs allograft survival chronic rejection 
olws WW h uTgests that additional key costimulatory pathways are active In v,vo. We found that 
bo h a^dSody io intucible costimulator (anti-ICOS) and an ICOS-lg fusion protein suppressed 
^^trapra^ T ce, activation and cytokine expression and prolonged allograft survival in a manner 
Z ll that inlcOS-'- allograft recipients.The combination of anti-ICOS therapy and cyclosporin 

pathway in combination with the use of conventional immunosuppressive agent. 



The costimulatory molecules CD28 and CD40 ligand (CD154) play 
key roles in the activation of immune responses after bmdmg of the 
peptide-major histocompatibility complex (MHC) to the T ceU anugcn 
receptor (TCR)'- Engagement of CD28 by B7-1 (CD80) and 37-2 
(CD86) expressed on the ffurfaces of antigen-presentmg cells (APCs) is 
critical to T ccU activation. In addition, cytolytic T lymphocyte-associ- 
ated antigen 4 (CrLA-4, also known as CD152). a second B7 receptor 
on T cells which has panial homology to CD28, competes with CD28 
for binding to B7-1 and B7-2 on APCs. Blockade of CD28-B7 mierac 
tions by administration of the soluble inhibitory fusion protem CTLA- 
4-immunoglobulin (CTLA-4-Ig) is effective in prcvcntmg the progres- 
sion of disease in experimental models of asthma* and leishmaniasis 
and is of therapeutic value in patients with psoriasis'. Like the CD28- 
B7 pathway, ligation of APC^xpressed CD40 by CD154 on acuvated 
T cells generates key signals for T cell activation, and the use of a mon- 
oclonal antibody (mAb) to CD154 is currenUy being evaluated in sev- 
cral clinical studies. However, although the importance of both CD28 
and CD154 in primary T ceU activation is weU estabUshed. these mol- 
ecules appear to be far less important in the gcncrauon and mainte- 
nance of memory and effector T ceU functions*. 

Inducible costimulator GCOS) is the third member of the CD28 fam- 
Uy'-'* Unlike CD28. which is constitutively expressed by all T ceUs. 
ICOS is expressed preferentially by activated T cells, and studies of 
ICOS^- mice show that ICOS costimulation is necessary for the acuva- 
tion and function of effector T cells"-" ICOS" mice were deficient m 
interieukin 2 (IL-2) and IL4 expression, had reduced IL-13 expres- 
sion"-" and impaired Ig isotype class-switching'^". Hie mabiUty to 



class-switch was overcome by CD40 stimulation, which suggests that 
ICOS costimulation is mediated, at least in part, via regulauon of the 
CD40-CD154 pathway". The ICOS ligand was identified as bemg the 
third B7 family member and was termed B7 homolog (B7-H)'^ its 
murine homolog was subsequemly cloned and termed B7.related pro- 
tein I (B7RP-l)"•'^ B7RP-1 is constitutively expressed by B cells, with 
lower expression on monocytes. 

In transplant models, therapy with CrLA-4-Ig" '» or a CD154 mAb'\ 
alone or in combination^ prolongs allograft survival. especiaUy when 
combined with donor-specific therapy (DST) such as intravenous ujjec- 
lion of donor spleen cells. However, in the absence of concomitant DST. 
aUografts are eventually rejected due to the development of transplant 
arteriosclerosis^'-^. Given concerns over the clinical appUcabiUty of DST. 
the failure of costimulation blockade alone to prevent chronic rejecuon 
has led to a search for additional pathways of potential importance in the 
regulation of effector T cells. Here we show, using a vascularized cardiac 
aUograft model, that ICOS expression is up-regulated during the devel- 
opment of allograft rejection. Hie key role of ICOS induction in acute 
rejection was shown by studies in which therapy with monoclonal anti- 
ICOS or ICOS-Ig prolonged aUograft survival, as well as with the use of 
ICOS" mice In addition, when used in conjunction with a subtherapeu- 
tic regimen of cyclosporin A (CsA). anti-ICOS induced permanent aUo- 
graft survival without the development of transplant arteriosclerosis. We 
also show that anti-ICOS therapy prevents chronic rejection after cos- 
timulation blockade with a CD154 mAb without the need for DST. 
Hence, our data show the importance of the ICOS-BTRP-l pathway m 
the development of both acute and chronic aUograft rejection. 
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Figure 1. Up-regulation of ICOS. but not B7RP.1, dur- 
ing acute rejection, (a) Northern analysis of mRNA expres- Q 
sion In samples taken from native hearts (N) or the heterotopic 
transplants (T) of engrafted mice, as well as normal control (C) 
heart and the corresponding recipients spleea Samples were 
taken on days 1. 2. 3 and 5 after transplant. Murine GAPDH 
cDNA was used as a control for loading; ICOS and B7RP-1 
RNA sizes are indicated. Data are representative of two sam- 
ples per group for each time-point (b) Immunohlstology of 
normal hearts and day 5 cardiac allografts showed the lack of 
baseline ICOS expression and localization of ICOS protein to 

ateach.me-poinMb.c,CryostatsectionsLecounter:;^r^^^^^ 



Results 

ICOS expression in rejecting heart transplants 

We first investigated the extent to which ICOS and B7RP-1 mRNA were 
expressed during the development of cardiac aUograft rejection across a 
fuU NfflC disparity (from to H-l"). Total RNA was prepared from 
heterotopic transplants and from each recipient's native heart after col- 
lection on days 1-5 after transplant and ICOS and B7RP-1 expression 
analyzed by northern blot hybridizatioa Negligible ICOS mRNA 
expression was present in native heans, but ICOS was markedly up-reg- 
ulated by day 5 after transplant (Fig. la). Two ICOS-specific mRNAs 
(3,6 kb and 1.7 kb) were detected in the rejecting transplants In con- 
trast to ICOS. B7RP-1 (2.9 kb) was readily detectable in normal hearts 
and mRNA expression did not change markedly during the developmcm 
of allograft rejection, although a minor increase was observed by day 5 
(Fig. la). Both ICOS and B7RP-1 were expressed in normal spleen and 
mRNA levels showed linle change after transplant (Fig. la). 



Given our mRNA data, we sought to localize ICOS protein expres- 
sion dunng allograft rejection and determine which cardiac cell types 
nomiaUy expressed B7RP-1. Immunohistological studies with rat mAbs 
to mouse showed that whereas normal hearts lacked ICOS prt)tein 
expression, ICOS was localized to infiltrating mononuclear cells, espe- 
ciaUy by day 5 after transplant (Fig. lb). In contrast, B7RP.1 was'local- 
izcd to resident interstitial dendritic ceUs within the normal myocardium 
and was also expressed during rejection, albeit in low amounts, by infil- 
trating macrophages (Fig. Ic). consistent with a minor increase in 
B7RP-1 mRNA expression (Fig. la). 

IC0S-B7RP-1 and prolonged allograft survival 

We examined the role of ICOS up-regulation during acute rejection by 
comparing the effects of targeting the pathway with a blocking verm a 
nonblocking mAb to ICOS and determining the effeas of an ICOS-Ig 
fusion protein. 
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Figure 3. Blockade of ICOS-B7RP-1 costimulation preserves graft 
histology, (a) Comparison of imragraft events at day 7 after transplantation 
showed that control IgG antibody therapy has no effect on graft leukocyte 
recruitnient and nryocyte lr^ir> whereas antl-ICOS therapy preserves 
essentially normal cardiac morphology. Paraffin sections were stained with 
hematoxylln-eosia original magniflcattons: x200. (b) Immunohtstologlcal 
studies show that anti-lCOS therapy significantly decreased graft Infiltration, 
including infittratlcn of total leukocytes (CD45-) andT celts (CD3-) and sub- 
sets of T cells (CD4-. CDS') as well as macrophages and acihrated cells (IL- 
2R-). Data are from 20 fields per graft and three grafts per group. •P<0.01. 
♦•P<0.005 and •'•p<0.001 versus the untreated or IgG-treaied group. 
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Using flow cytomctiy, we found that mAb 12A8 (with a specificity for 
ICOS) bound, but did not deplete, ICOS^ T ccUs in vivo (Fig. 2a). This 
anti-ICOS therapy prevented the up-regulation of ICOS mRNA that is 
associated with acute rejection at day 7 without affecting cardiac B7RP-1 
mRNA expression (Fig. 2b). In addition, although treatment with rat IgG 
or an isotype-matched nonblocking anti-mouse ICOS had no effett on 
allograft survival compared with survival in untreated recipients, the 
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blocking anti-ICOS significandy prolonged allograft survival (/*<0.005) 
(Fig. 2c). The contrasting results obtained with the two types of anti-ICOS 
indicated that inhibition of IC0S-B7RP-1 interactions is of therapeutic 
importance in transplantation. This deduction was reinforced by pro- 
longed aUograft survival in ICOS- recipients that was comparable to thai 
achieved with 12A8 mAb in ICOS** mice (Fig. 2c). Therapy with ICOS- 
Ig, which binds to B7RP-1 and blocks its interaction with ICOS expressed 
by activated T cells, also prolonged survival (?<0.005) (Fig. 2d). 

Histological evaluauon of allografts collected at day 7 after transplant 
showed that therapy with anti-ICOS preserxed tissue architecture and 
blocked host leukocyte accumulation (Fig. 3a). Immunohistological 
studies showed that anti-ICOS therapy greatly decreased graft infiltration 
by host T ceUs, including both CD4* and CD8^ T ceU subsets, 
macrophages and activated (IL-2R-) ceUs (Fig. 3b). In contrast, at day 7. 
natural killer (NK) and B cells were undetectable in any group and only 
small numbers of neutrophUs were deteaed in areas of myocyte necrosis 
developing in those recipients receimg IgG therapy or left untreated. 

Anti-ICOS suppresses intragraft irDmune activation 

The circulating and intragraft amounts of multiple cytokines, chemokines 
and their receptors change during transplant rejection^. We analyzed the 
expression of cytokines, chemokines and chemokine receptor by RNase 
protection assays (RPA) to determine the mechanisms responsible for the 
marked decrease in leukocyte recruitment to aUografts of anti-ICOS-treat- 
ed recipients (Fig. 4). Anti-ICOS therapy suppressed the intragraft up-reg- 
ulation of cytokine mRNAs, cspeciaUy interferon-y (IFN^ and IL-10, 
m mm andreducedtheexprcssionofIL^andII^15mRNAs.Ofthechcmokiiies 
"^-^ WW'^'^ analyzed, lymphotactin (XCLl), RANTES (regulated upon activation, 

m.. m m m ^ cell-«tpressed and secreted, or CCL5), cotaxin (CCLll), 

macrophage inflammatory protein la (MlP-la. or CCU), MIP-lp 
(CCL4), MIP-2 (CCL8), interferon-y-inducible protein-10 (IP-10 or 
CXCLIO), MCP-l (CCL2j and T cell activation protein 3 (TCA-3 or 
CCLl) were markedly down-regulated on treatment with antirlCOS, 
whereas MCP-l was not In addition, anti-ICOS therapy suppressed the 



Figure 4. Blockade of ICOS-B7RP-1 eostlmutalion blocks Intragraft im- 
mune activalion. RPAs of Intragraft cytokines, chemokines and CC and CXC 
Chemokine receptors were undertaken with the use of total RNA (20 jig) Isolated 
from control (C) or transplanted (T) hearts at day 7 after transplant; altoy^edp- 
lents were treated dally with anti-ICOS or an isotype-matched control IgG. Dau are 
representative of three samples per group. 
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Ant(-CD154 Adli-CD154 + anti-lCOS 




Antt-CD154 . Anti<>0l54 + antl-l^ 



ic rejection with great effectiveness"-^. 
We therefore tested the effects of CD154 
mAb and DST therapy on intragraft ICOS 
and B7RP-1 expression. Without con- 
comitant DST. allografts in CD154 
mAb-treated recipients arc rejected due 
to the development of transplant arte- 
riosclerosis"-^^. Therefore we also tested 
whether targeting of ICOS in conjunction 
with CD154 mAb only would diminish 
the incidence and severity of this and 
other manifestations of chronic rejection. 

ICOS up-regulation after CD154 
mAb therapy 

To determine how ICOS and B7RP-1 
RNA levels are affected during anti- 
CD154 + DST-4nduced tolerance induc- 
tion, we compared three groups of allo- 
graft redpients by northern analysis at day 
7 after transplant One group received IgG, 
a second received CD154 mAb alone and 
a third received anti-CDl54 + DST A 
fourth group of animals, which were not 
operated upon or treated in any way. pro- 
vided normal control cardiac samples. 
ICOS RNA expression, almost unde- 
teaable in the normal heart, was marlcedly 
up-regulated during rejection (Fig. 5a). 
Treatment with anti-CDl54. with or with- 
out DST. suppressed the intragraft expres- 
sion of ICOS mRNA completely. How- 
ever, the baseline level of B7RP-1 mRNA 
expression was largely unchanged in 
transplants that were undergoing rejection 
or tolerance induction (Fig. 5a). 
Consistent with the mRNA data, anti- 

ace rejecdon. involveme. oflCOS in 0« ^evelopment^o^^^^^ Z7.Z^^^^^^^^^^^^^ 
rejection after costimulation blockade with anti-CD154 therapy was DST (data . . icoWepenbent. vre 

coUred-menadnunisteredinconj^v^^^^^ 



Figure 5. ICOS-dependcnt chronic rejec- 
tion after anthCD154 therapj^ (a) Northern 
analysis of ICOS and B7RP-1 RNA expression in 
native hearts or heterotopic transplants of 
engrafted mice on day 7 after iransplam and 
hearts from control mice. Allograft recipients 
were treated with IgG. anti-CDl 54 alone (-DST) 
or anll-CD154 + anti-ICOS (+DST); a murine 
GAPDH cDNA fragment w£as used as a loading 
control, (b) Anti-CDl 54 suppressed ICOS induc- 
tion and host mononuclear cell infiltration early 
on after transplant as reflected by immunohisto- 
logical comparison on day 7 after transplant of 
allografts from recipients treated with IgG versus 
anti<;D1 54. (c) The effects of antl-CDI 54 thera- 
py on Intragraft ICOS expression diminished 
over subsequent weeks, as reflected by perivas- 
cular localization of ICOS* mononuclear cells 
within allografts from CD154 mAb-treated 
recipients 30 days after transplant In contrast 
addition of anti-ICOS prevents Intragraft accu- 
mulation of ICOS- cells. Arrowheads indicate 
Internal elastic lamina of musciiar arteries, (d) 
Combined urgeting of ICOS and CD! 54 main- 
tained normal histology and prevented develop- 

al^TcOS P<0001 (b.c) Cryosiat sections counterstainedv^thhematoxylia Original magnrf-.cat.ons:x100.(d) Paraffin sec- 
tions stained with elastia Ori^ nal magnifications: x260. Data are representative of four animals per group. 
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Figure 6. Synergistic effect of CsA therapy and targeting 
IC05-B7RP-1. (a) Use of CsA (10 mg/kg/day) for 14 days 
extended cardiac allograft survival by an extra 3 d3ys.TWs con- 
trasted with the use of antl-ICOS for 14 days, which tripled car- 
diac allograft survival r'*<0.005 versus CsA or untreated recipi- 
ents) However, the combination of CsA ♦ anti-ICOS Induced 
permanent (>100 days) survival rV<0.001 versus all other 
groups), (b) Examination at 100 days after transplant of long-sur- 
vlvlng cardiac allografts from recipients treated with CsA + antl- 
ICOS showed normal cardiac morphologj^ Survival and histolog- 
ical data are representative of four animals per group. 
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days, use of anti-CD154 therapy alone was complicated by the develop- 
ment of florid transplant arteriosclerosis, interstitial fibrosis, focal 
myocyte necrosis and perivascular accumulation of ICOS* leukocytes 
(Fig. 5c). In contrast, grafts firom animals that had received additional anti- 
ICOS remained normal, with no intragraft ICOS expression (Fig. 5c) and 
no evidence of transplant arteriosclerosis (?<0.001) (Fig. 5d). 

Synergistic effects of anti-ICOS and CsA 

Most current clinical protocols for the management of allograft recipi- 
ents were developed based upon use of CsA, although it is clear that 
such protocols do not prevent the development of chronic rejection. We 
tested whether targeting ICOS might potentiate the effects of CsA, espe- 
cially with regard to the development of chronic rejection. We found that 
whereas 2 weeks of therapy with 10 mg/kg/day of CsA (10 mg of drug 
per kg of body weight per day) prolonged allograft survival by only a 
few days, combined therapy that used anti-ICOS + CsA for the same 
period of time led to peraianem aUograft survival (P<0.005) (Fig. 6a). 
In addition, examination of the latter allografts at day 100 after trans- 
plant showed completely normal cardiac morphology (Fig. 6b). 

Discussion 

Knowledge of the molecular basis of immune responses is expanding 
rapidly, driven by a search for key targets within the immune system for 
control of autoimmune responses and. in the case of trarisplantation. 
with an impetus to decrease the incidence of chronic rejection and pro- 
mote tolerance induction. Recently, much attention in the transplant 
field has been directed towards costimulation blockade, and encourag- 
ing data have arisen from studies to block the CD28-B7 and CD154- 
CD40 pathways. However, costimulation blockade by cither of these 
approaches usually fails to prevcm graft loss because chronic rejection 
eventually occurs'-^^'^\ In the case of the CD154-CD40 pathway, which 
has garnered more overall success in transplant models than CTLA- 
4-Ig, transplant arteriosclerosis develops regardless of whether anti- 
CDl'54 therapy^-" or CD154-deficiem recipients-' are used. In addi- 
tion, an anti-CD154 therapy had littie effect on the proliferation, dif- 
ferentiation, homing and cytokine production by alloreactive CD8" T 
ccUs^-^'. This has led to a search for additional costimulatoiy molecules 
relevant to the regulation of memory or effector T cell functions. 

In this study. ICOS and its ligand. B7RP-1. were implicated in the 
pathogenesis of acute aUograft rejection. We found that ICOS was 
induced on host mononuclear ceUs that were progressively infiltrating the 
graft. A variety of surfece molecules are expressed by resting and aai- 
vated T cells so that use of a depleting antibody directed against any of 
these membrane proteins could eliminate a key effector cell population, 
and is therefore sometimes misinterpreted as evidence for the importance 
of that target in an immune response. However, ^ven contrasting results 
obtained with a neutralizing versus a nonneutralizing mAb to ICOS. data 
which showed that the neutralizing mAb does not deplete ICOS* cells 
and the prolongation of aUograft survival in ICOS^* mice, our findings 
indicate that ICOS induction is important to the development of allograft 
rejection. Consistent with this, the use of ICOS-Ig also had a beneficial 
effect on aUograft survival, which indicated that blockade of cither ICOS 
itself or the B7RP-1 ligand is of therapeutic value. 

The effects of anti-ICOS therapy on aUografts include a reduction in the 
initial T ceU and macrophage influx as wcU as the almost complete abro- 
gation of ILr2R* leukocyte recnutmem. These effects are broacfer than 
those attributable to the targeting of only ICOS-expressing ceUs. especial- 
ly in the case of macrophages that are ICOS', regardless of immune acti- 
vation. The lack of IL-2R* ceUs and decreased intragraft expression of the 
chemokine receptors CXCR3 and CCR5 and the cytokine IFN-7 are con- 
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sistcm with in vivo blockade of immune activation. CXCR3 expression, in 
particular, is induced upon T ceU activation and plays a key role in aUo- 
graft rejection". CXCR3* T ceUs infiltrate grafts in response to the initial 
induction of IP-10 expression by endothelial ceUs, after ischemia or reper- 
fusion injury, and promote the further up-regulation of IP-10 and other 
CXCR3 Ugands via production of IFN-y*. IFN-Y is also important to the 
induction of RANTES and recndtment of CCR5* leukocytes, especially 
macrophages^. Anti-ICOS therapy did not appear to function via immune 
deviation because the T helper type 2-^sociated cytokines IL-4 and IL- 
10 were not expressed within the graft. These findings complement in 
vitrv data showing that ICOS delivers a CD28-independent signal for the 
production of IFN-y, IL-4 and IL-10*. 

The development of transplant arteriosclerosis is a haUmatk of chron- 
ic rejection, a multi-factorial process which cunentiy limits the long- 
term efficacy of clinical and experimental aUografts^. In addition to 
expression on primary activated T ceUs, ICOS is expressed by memory 
T ceUs* that, on antigen re-exposure, undergo rapid expansion that is 
independent of CD28-B7 or CD154-CD40 ligation*. Therefore, we con- 
sidered whether ICOS nught be important in the development of trans- 
plant arteriosclerosis after CD154-CD40 costimulation blockade. CD28 
costimulation promotes ICOS induction, and inhibition of CD28-B7 sig- 
naUng maikedly decreases ICOS expression on murine CDA* T ceUs in 
vitrt^. We have shovm here that targeting of CD 154 suppressed T ceU 
activation, including the induction of ICOS expression on graft-infiltrat- 
ing T ceUs. This leads to the question of whether the effects of CD154- 
CD40 blockade are at least partly ICOS-dependent. However, the long- 
term effects of anti-CD154 therapy do not appear to be ICOS-dependem 
because, in conjunction with the development of transplant arterioscle- 
rosis. ICOS expression by intragraft leukocytes gradually returned. The 
prevention of transplant-induced arteriosclerosis by anti-ICOS therapy 
clearly estabUshes the importance of this pathway in the progression and 
development of chronic rejection and contrasts with the smaU effert 
achieved by targeting CD154 or CD28. 

When considering targeting a new pathway, it is necessary to assess 
its potential effectiveness in combination with current best-practice ther- 
apy. Most clinical aUograft recipients receive CsA-based immunosup- 
pression drugs, although none of these cUnical protocols can prevent the 
long-term development of chronic rejection. There is the added concern 
that use of inhibitors of calcineurin, Uke CsA or FK506, may impair 
development of tolerance induction, as has been observed experimental- 
jyKuiji )Ve found that anti-ICOS + CsA had synergistic effects that led 
to permanent engraftment and a complete absence of deleterious host 
immune responses or development of chronic rejectioa Whether this 
pcnnanent engraftment reflects the development of an unresponsive or 
anergic state, or possibly points towards a role for ICOS in tolerance 
induction, is unknown because no third-party aUografts or second donor 
grafts in long-surviving allograft recipients have been undertaken. 
Nevertheless, we can alread|y note that, in contrast to CD28 or CD154. 
ICOS is the first major costimulatory molecule in which the benefits of 
targeting are not impaired by concontitant routine immunosuppression. 

Thus, we have described the importance of IC0S-B7RP-1 in allo- 
graft rejection. The expression of this pathway is relevant to the patho- 
genesis of both acute and chronic rejectioa The actions of this pathway 
appear to mediate the development of ch«)nic rejection after CD154-. 
CD40 blockade. In addition, the advantage of targeting IC0S-B7RP-1 
is that this therapy acts in synergy with, rather than antagonistically to, 
conventional CsA-based inununosuppression and generates permanent 
survival without any evidence of graft injury. Our findings suggest that 
regulation of this pathway may be of key importance in promoting 
successful transplantation and possibly in treating autoimmune diseases. 
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Methods 

Reaeents CsA (Sigma, St Louis. MO) was dissolved in olive oil before Bse. Hamster 
and-mouse CCMOL (mAb MR-1) was from BioExpress (West Lebanon. NH) and control 
hamster and rat IgG antibodies were from Jackson ImmunoResearch (West Grove. PA). Rat 
anti-mouse ICOS mAbs were generated tn-house; of these, mAb I2A8 (IgC2b) blocks 
binding of B7RP-I to mouse ICOS cell transfectants, v-lieieas mAbl5F9 (lgG2b) is a non- 
blocking anti-mouse ICOS mAb. ... i 

EUSA studies showed diat mAb I2A8 (and-lCOS). used m all m «w studies unless 
otherwue specified, has a half-life in vivo of -15 ^ is cleared by 72 h and elicits a potent 
mouse antt-tat IgG response by 14 days (data not sho\vn). To test uliether this mAb 
depletes ICOS" cells, we injected mice intraperiloneally with 12A8 (200 |ig) and analyzed 
ICOS expression by splenic CD}" T cells 24 h later. Splenocytes were isolated by mechan- 
ical dissociation and treated with PBS containing 10% goat serum to block nonspecific 
binding. Some splenocytes samples were stained with biotbylated mouse antHrat lgG2b 
(PharMingen, San Francisco, CA) to detect residual bound antibody; others were spiked 
wlh I2A8 (10 Jigtel) followed by biotinyhtcd mouse anti-rat lgG2b. All samples were 
subsequently blocked with rat serum, stained with phycoerythrin-strcptavidin + tat-anti- 
mousc CD3 (PharMingen) and analyzed on a FACscan flow cytomeicr (PharMingen). 

A murine JCOS-human IgCl fusion protein (iCOS-lg) ft-as prepared as described-. Rat 
anti-mouse B7RP-I w^ prepared by gene-gun immunization with murine B7RP-1 cDNA, 
with initial SCTeening by EUSA. This was followed by flow cytometry analysis of mouse B 
celb and the comparison of binding with ICOS-lg. We used the clone 3F8 for tmmunohis- 
tological studies. 

Tr«nsplaolttIon and treatment protocob. Mate 6-week-old BALB/c (8-2*) and C57BU6 
(H-2*) mice were from The Jackson Uboratory (Bar Harbor, ME) and were mamtamed m 
a specific pathogcn-free mouse facility. Heterotopic abdominal cardiac allografting was 
done with the use of BALB/c donors and C57BU6 recipients". The lole of ICOS in acute 
rejection was assessed by intraperitoneally injccring allograft recipients (sa mdmduals per 
group) with blocking anti-ICOS, nonblocking anti-lCOS or control IgG (500 »ig) on alter- 
Mte days; an additional group received ICOS-lg (200 jig/day) wth the same protocol. 
Aspects of ICOS involvement in chronic rejection were studied wth the use of two meth- 
ods For some mice, a single intraperitoneal (i.p.) injection of CD40L mAb (with or wlh- 
out intravenous injection of 5x10' donor spleen cells) was administered at transplantation + 
up to 14 days administration of blocking anti-lCOS or IgG (with flie protocol already 
described) Other mice received 14 days of CsA therapy (200 jig/day. begiraiing at trans- 
plantation) + blocking anti-ICOS or IgC (with the protocol already described). ICOS mice 
used as recipients of BALB/c allografts were crossed onto a C57BU6 background and had 
the same phenotypic characteristics as three reported lines of ICOS mice" 

ICOS cDNA. A plasmid containing the complete ICOS cDNA \w from Incyte Genomics 
(St Uuis, MO). A 556-bp £c«RI-Sam HI fragment (£c«RI site in the vector) that contained 
-45 bp of 5--untranslated sequences and a large part of the ICOS coding sequence (which 
corresponded to the first 170 amino acids of ICOS) wtis subcloned into a Bhiescnpt vector 
and used as a probe in our Northern ilot analysis. 

CIoDlne of B7RP-J cDNA by KT-PCR- Total RNA was isolated from a mixture of murine 
heart liver kidney and spleen with the use of the acid-guanidine thiocyanate-phenol-chlo- 
roforin method". A ProStar RT-PCR system (Stratagene, U Jolla. CA) utis used for cDNA 
Rcneration. and later for B7RP.1 cDNA amplification, with primers: 5'-CACT- 
CAAGTCGCTGCAATGC-y and 5'-CTTTCTGCCT CGCrAATCCTA&-3'. The 642.bp 
B7RP.I cDNA fragment was gel-puriftcd and cloned into a Bhiescript vector for use as a 
probe in northern blot analysis. 

RNA faoIiHons and norlhero blot analysfa of ICOS and B7RP-1 expression. Total RNA 
*-as prepared from each recipient's native heart, spleen and cardiac allograft with the use of 
the acid-guanidine thiocyanatc-phenol-chloroform method". RNA (25 ,ig) v.is toaded onto 
each lane of 1 2 % agarose-formaldehyde gcb and a 0.24-9.5-kb RNA ladder (Gibco-BRU 
Rockville. MD) was used as a size control. After electrophoresis, the RNA was blotted 
ovemidit to a Nytnn Supercharge membrane (Schleicher and Schuell. Keene, NH) with 
20xSSC and cross-linked to the membrane by UV-irradiation with a Stratalinker 
(Stratagene) "P-Iabeted probes to ICOS and B7RP.1 were prepared wth the Multipnme 
Ubeling System (Amersham Pharmacia Biotech. Piscataway. NJ) and hybridizations xvcre 
performed at 68 *C in roller bottles with CxpressHyb Sohition (Ctontech, Palo Alto. CA). 
For iruse. membranes were deprobed in 03% SDS at 95-100 'C for 10 min and exposed 
to film to assure complete removal of previous hybridization signab. 

RPA. mRNA Icveb for several cytokines (mCK-I). chemokines (mCK-5) and CCR- and 
CXCR-iype chcmokine receptors were quamified by RPA, according to the manufecturcrs 
instructions (PharMingen). Briefly, RNA samples m hj*ndized wth com- 

plimentary I'^PJUTP hbeled riboprobes. inchiding the probe for the housekeeping gene 
CAPDH. After hybridization, samples were digested with RNAse A, RNAse Tl and pro- 
teinase K, separated on denamring polyacryhraidc geb and detected by autoradiography 
with Kodak MR film. 

ImmoDopatbology. Histotogical evahiation was done with the use of paraffm sections 
stained with hematoxylin and eosin. to assess overall celhilarity and myocaidul preserva- 



tion, and trichrome and elasrin stains, to assess intersritial fibrosis and development of trans- 
plant arteriosclerosis. Infiltrating cells were detected by immunoperoxidase suining of 
cryostat sections with rat anti-mouse to CD45- or 1L-2R- celb, T cells, macrophages, neu- 
trophib, NK and B cells (PharMingen^ and quantitative morphometry^. Transplant arte- 
riosclerosis was assessed by scoring elastin-stained arteries (less dian ten sections per graft 
and five grafts per group) as <5% occhision (0), >5-20% (1), >20^0% (2). >40-60% (3), 
>6O-80% (4), or >80-100% (Sf*. 

Cenbank accttslon nomben. A plasmid con&ining the complete ICOS cDNA (GenBank 
Accesssion number NM_0 17480) was used to create a probe for northern analysb. 
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